Measurement with combination pH electrodes of the pH of the dilute buffers used in a commercial kit (CEARoche) for assay of carcinoembryonic antigen resulted in pH values 0.1 to 0.3 unit lower than pH values measured on an electrode system with a capillary junction. If the pH values of these buffers were adjusted, based on such measurements, an error in the assay of 0.2 to 0.6 ng/ml in the 1.5-3.0 ng/ml range would result. We recommend that the pH of dialyzed samples and of the working ethylenediaminetetraacetate and ammonium acetate-acetic acid buffers be monitored with pH electrodes that have a capillary junction between sample and saturated KCI, as is true of most blood-pH instruments. We also recommend use of a 1 mol/liter rather than 2.5 mol/liter stock ammonium acetate-acetic acid buffer, because of the closer similarity of the pH of buffers at this molarity to those at 0.01 mol/liter. 
sale in the United States. This assay is reported to be very sensitive to the effects of pH, and information accompanying the kit (6) strictly specifies the pH of the dilute EDTA and AAAA buffers used in the assay. Increasingly greater differences between the measured pH of dilute and stock buffers and published reports (7) 
Materials and Methods

Reagents
De-ionized water. For these experiments the same commercial pH 7 buffer was used as a calibration reference. Figure 3 also shows the calculated change expected for a twofold dilution of the equimolar phosphate buffer (8) . Figure 4 shows some results for plasma CEA assay as a function of pH. The pH was measured with the Model E 5021 at 23 #{176}C. The pH of the standards was the same (6.45) for all these experiments.
Discussion
Our results confirm and extend the observations of Hill and Spivey (7), who found artifactually low pH values for buffers less concentrated than 25 mmol/liter, when the pH was measured with various combination electrodes from various manufacturers.
They found that the low pH values were caused by differences in the junction potential between the sample and the reference electrode, and that the magnitude of the error depended on the history of the electrode; electrodes stored in saturated KC1 had less bias than those stored in buffer, and the longer an electrode was in use the greater was the error. The latter phenomenon explains the larger error of the Orion No. 910200 combination electrode (Figure 1-3) , which we used for nine months before the differences in readings between the stock and diluted buffers became large enough to alert us to this problem. After soaking in buffer for a month with the vent hole open so that saturated KC1 was flowing through the ceramic frit, this electrode gave results comparable to those obtained with the Corning No. 475060 electrode, which we had then used for less than a month. The choice of an electrode system with a capillary junction, such as the Radiometer E 5021, as a reference system for pH for these studies appears valid, because when it was used to measure the change in pH on twofold dilution of NBS equimolar phosphate buffer, the change was identical to that predicted by theory (8) (Figure 3 ). Our data show that an error of unknown magnitude is introduced when the combination electrode is used to measure the pH of the dilute EDTA and AAAA buffers used in the CEA-Roche assay. These observations may explain the apparent contradictions concerning pH in the manufacturer's literature (6) and in the "Selected Methods" procedure (9).5 It is also possible that the problems with pH that the manufacturer has associated with laboratory water (6) may be at least partly attributed to the measurement artifacts described.8
The rationale for the choice of the exact pH recommended by the manufacturer has not been published, but the pH at which the assay has to be performed is fixed by the EDTA buffer used for the standards. When the EDTA is purchased from the manufacturer the working solution has a pH of 6,45, which should be confirmed by the laboratory because our data indicate that an occasional vial may deviate from this figure. If the combination pH electrode were used for measuring the pH of the 0.01 mol/liter AAAA buffer, and the pH adjusted accordingly, the pH of the samples would be systematically 0.1-0.3 pH units higher than that of the standards (Figure 2) , and approximate error in terms of CEA (Figure 4 ) would be 0.2 to 0.6 ng/ml for human plasma samples in the 1.5-3.0 ng/ml range.
We suggest that the analyst (a) measure the pH of all so lutions at room temperature, with an electrode system with a capillary junction, such as the Radiometer Model E 5021, or (b) measure the pH of all solutions with a similar unit operated at 37 #{176}C, for example, most blood pH instruments. If approach b is used, measurements should be made at least in triplicate, because of a tendency for the first reading of the dilute buffers to be high. 7 The slight effects of temperature on the pH of the AAAA buffer can probably be ignored (Figure 2) , but 0.10 should be added to the pH readings of the EDTA buffer at 37#{176}C if they are to be consistent with measurements made at room temperature.
For either of the above approaches, a 1 mol/liter stock buffer is preferable, because its "true" pH is quite close to the "true" pH of the 0.01 mol/liter buffer. Figure 2 suggests that the pH of 0. 
